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1. Introduction

Different kind of slabs (history)

dropped panel slab

slab with downstand beams

rib and filler tile slab

Advantages of flat slabs:

• reduced costs of shuttering

• Installation can be done easily

• to achieve a reduction in storey height

flat slab
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1. Introduction
Standard slabs with downstands blocks tube and pipe installation
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1. Introduction
Standard slabs without downstands
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Basics



Shear Load Faliure

Punching Shear Failure

Basics



Punching shear failure example from site



Punching shear failure example from site



Introduction on punching shear reinforcement

FM4: Failure outside of PSRFM3: Maximum Load applied

FM1: No Punching Shear Reinforcement FM2: Puching Shear studrails
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Punching Shear Reinforcement for Slabs

Double headed studs

Example: HDB Studrails

DURA Steelhead

Stirrups

Concrete solution

Steel solution



Confronto prestazionale tra elementi a Punzonamento
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DOUBLE HEADED SYSTEMS ADVANTAGE:
- NERLY ZERO SLIP AT ULS INCREASE MAX PUNCHING SHEAR LOAD CAPACITY 
- USE FULLY YELD STRENGHT IN DESIGN INDIPENDETLY ON THE SLAB THICKNESS  
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Comparison

Load capacity without punching shear reinforcement

  cpcklcRd fkv   100100120
31

,,,

Safety level is sufficient (5% ~ 1,0) !

concrete compr. strength

Database di n° 188 test

VEC2 considera coefficienti 
parziali di sicurezza =1

(Hegger et al. 2008)



Comparison

Load capacity without punching shear reinforcement
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 Minor differences in load 

bearing capacities

 Mainly similar influencing 

factors

 Database ~ 200 tests

concrete compr. strength
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Comparison

Maximum punching shear capacity

Eurocode 2 does not achieve the required safety level!

  cdckRd ffv  25016050 /,,max,

concrete compr. strength

Vrd,max dipende 

linearmente da fck
Vrd,max non dipende dalla 

% di armatura a flessione



4. Structural calculations 

Design according to ETA
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4. Structural calculations 

Structural calculation principles

 structural design

Sd < Rd

 Sd – sum of actions

 Rd – resistance to forces
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4. Structural calculations 

Structural calculation principles

 Consideration of perimeter

The design resistance of defined 
perimeters is to be calculated.

 Formula for circular sections:

Perimeter ui

Aload

ß = factor for increased load

VEd – load of slab on loaded area Aload 

VRd = vRd (ρ,fck) · ui · d ≥ VEd · β
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4. Structural calculations 

Failure Mode           Design Concept HDB

verification 1: without punching reinforcement verification 4: punching reinforcement

verification 3: outside punching reinforcementverification 2: maximum bearing capacity
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4. Structural calculations 

Verification 1:

EN 1992-1-1, 6.4.4, 6.47 / ETA-12/0454 (A3):

vRd,c = CRd,c · k · (100 · ρl · fck)
1/3 (+ k1 · δcp)

VRd,c = vRd,c · u1 · d ≤ VEd · β 

Is punching reinforcement required or not?

d

2,0d

u1
ρl
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EN 1992-1-1, 6.4.4, 6.47 / ETA-12/0454 (A3):

vRd,c = CRd,c · k · (100 · ρl · fck)
1/3 (+ k1 · δcp)

VRd,c = vRd,c · u1 · d ≤ VEd · β

Recommended values ETA-12/0454:

CRd,c = 0,18 / γs = 0,18 / 1,5 = 0,12

CRd,c = ,if u0 / d < 4,0 

ρl = (ρlz · ρly)
½ ≤ 2,0 and ≤ 0,5 · fcd / fyd

k = 1+ (200/d)^0,5

Is punching reinforcement required or not?

10,0
15,0

6,01,0
18,0
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4. Structural calculations 

Verification 1:
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4. Structural calculations 

Critical Perimeter – Internal Column
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4. Structural calculations 

Critical Perimeter – Edge Column / Corner Column
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4. Structural calculations 

Critical Perimeter – Openings
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4. Structural calculations 

Load Increase Factor β - general

internal column

edge column

plastic shear spread recommended values
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(β=1,10

acc. NA(D) )
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4. Structural calculations 

Verification 2

Is the maximum resistance sufficient?

ETA-12/0454 (A8):

VRd,max = 1,96 · VRd,c ≤ VEd · β

1,0 · VRd,c < VEd · β ≤ 1,96 · VRd,c = VRd,max

Failure of the

concrete pressure zone
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4. Structural calculations 

Verification 3

Where is the last stud?

1,5d

uout

ls

EN 1992-1-1, 6.4.4, 6.54 / ETA-12/0454 (A4):

vRd,c = CRd,c · k · (100 · ρl · fck)
1/3 (+ k1 · δcp)

VRd,out = vRd,c · uout · d ≤ VEd · βred

d

ρl
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EN 1992-1-1, 6.4.4, 6.54 / ETA-12/0454 (A4):

vRd,c = CRd,c · k · (100 · ρl · fck)
1/3 (+ k1 · δcp)

VRd,out = vRd,c · uout · d ≤ VEd · βred

Recommended values ETA-12/0454:

CRd,c = 0,15 / γs = 0,15 / 1,5 = 0,10

βred = 1,0 · β ≥ 1,10

βred,edge column = ≥ 1,10; βred,corner column = ≥ 1,10

Where is the last stud placed?

4. Structural calculations 

Verification 3:
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4. Structural calculations 

Verification 4

ETA-12/0454 (A7):

VRd,sy = mc · nc · AA · fyd / η ≤ VEd · β

Design of the stud diameter.










800mmd if 1,6

200mmd if 1,0

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4. Structural calculations 

HDB – Arrangement – Flat Slab

constructive rules in area C:
• min. 2 studs per rail

• Distance between first stud and column = 0,35d - 0,5d

• Distance between following stud ≤ 0,75d

• Tangential distance between

studs at a distance of 1,0d to the  column ≤ 1,7d

constructive rules in area D:
• Radial distance between studs ≤ 0,75d

• Tangential distance between studs

on the edge of area D ≤ 3,5d

nc = 3
nc = 2
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WHITE PAPER – NOVEMBER 2025
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Download here: https://www.leviat.com/resources/white-papers



Sampoong Department Store, Seul (1995)
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Charles de Gaulle Airport Terminal 2°, Paris (2004)
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Champlain Tower Shouth, Florida (2021)
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Comparison in major global standards

46



Key Changes relevant to punching shear
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Key Changes relevant to punching shear
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Upcoming trends and considerations
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Product and Applications

Basics:

Forged heads (3xD) Material: Grade 500 Rebar
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Installation Methods

HDB – Standard Elements

 Recommended for slab thickness
up to 350cmm

 Rails with 2 or 3 studs

 For standard slabs

 Installation from Top (or Bottom)

HDB – SK Elements

 Recommended for slab thickness
above 350mm

 Rails from 2 up to 10 studs

 For stadard slabs as well as

foundations

 Installation from Bottom (or Top)

Product and Applications
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Installation from the Top

Product and Applications
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Installation from the Top – Standard Elements

 Rails with 2 or 3 studs

 Can be quewed up

 Available stud Ø 

10, 12, 14, 16, 20, 25 mm

 Standardised range

(available from stock)

Product and Applications
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Installation from the Top – Accessories

Klemmbügel

Product and Applications
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Installation from the Bottom

Product and Applications
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Installation from the Bottom – SK Elements

 Rails up to 10 studs

 Available stud Ø
(10), 12, 14, 16, 20, 25 mm

 Bespoke production on demand
(single studs might be on stock)

Product and Applications
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Installation from Bottom – Accessories

Spacer

 Spacer is marked with concrete coverage cnom

 Spacer consists of nailholes

 When using a steel shuttering the rails should

be fixed to the lower reinforcement.

Product and Applications
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Installation from Bottom – Incorrect istallation

Product and Applications
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Installation from Bottom – Incorrect istallation

Product and Applications
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Installation from Bottom – Incorrect istallation

Product and Applications
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2. Applications

1. Installation in cast in situ concrete slabs

Drukarina, Switzerland
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2. Applications

1. Installation in cast in situ concrete slabs

Manhattan, Switzerland
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2. Applications

1. Installation in cast in situ concrete slabs

Prisma, Germany
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2. Applications

1. Installation in cast in situ concrete slabs

Main Tower, Germany
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2. Applications

1. Installation in cast in situ concrete slabs

Nord LB, Germany
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Foundation

Crack
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 High local loads comes from column to foundation

 Concrete failure to come once concrete resistance is overloaded

 Faliure related to punching shear faliure at slabs

 Additional reinforcement is needed to avoid punchig shear faliure

S o i l P r e s s u r e S o i l P r e s s u r e

Punching Shear Reinforcement for Foundations
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~55°

 Standard slabs:  

Cracking cone at 

around 35°: Double 

headed studs are

effective

 Foundations: Cracking

cone ar around 55 -65°

Vertical reiforcement is

not effective.

-> Goal was to develope a 

new system for effective

crack stitching.

 Solution: HDB-Z

Punching Shear Reinforcement for Foundations
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Double headed studs:

HDB Studrails

DURA Steelhead

Rebar stirrups HDB-Z „Swan“ 

Punching Shear Reinforcement for Foundations

Available systems
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„Z-shaped“ HDB Studs

(B500B acc. to DIN EN 1992-1-1, 
Annex C)

Spacer

Steelplate

(S235 nach DIN EN 10025-2)

Elements queued

Element No.2Element No.1

Punching Shear Reinforcement for Foundations

HDB-Z



HDB-Z 



Maximale Prüfkraft: ca. 10,5 MN

HDB-Z 

Testing
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HDB-Z 

Testing
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• German Approval (abZ) from DIBt

• European technical Assessment ETA 22-0360

• Designconcept according to EC2 for foundation

slabs and single foundations.

Scope of application:

• Punching shear reinforcement for predominantly

static load requirements as well as for fatigue loads. 
Fatigue range of stress ΔσRsk = 70 N/mm²   

at n ≤  2x106 cycles.

• Concrete strength for foundations: C12/15 up to
C50/60.

• Foundation thickness: h ≥ 230mm.

• Reasonable performance advantage < 1200mm

HDB-Z Punching Shear Elements

Approval

ETA 22-0360



For foundation / ground slabs

HDB-Z Punching Shear Elements

HDB-Z

Advantages:

• High punching shear restistance

• Patent and German approval available + ETA

• Reduced the foundation thickness up to 40%!

• Avoid concrete haunches at foundation

• Less concrete,- excavations, - water

• Saves time, energy and money in specific situations.

• Calculation Software available.



Foundation Haunches



Foundation Haunches



Dropping the groundwater level



Dropping the groundwater level



• Installation suitable for circle and square

shaped columns

• 1st row: Distance from column sr = 0,3d.

• Remaining rows keep a distance of sr = 0,5d 

from the elements in previous row.

• No. of elements in 1st row N1 & 2 ≥ 8 

depending on distance.

HDB-Z Punching Shear Elements

Installation



HDB-Z Punching Shear Elements

Project Hotel in Cologne



HDB-Z Punching Shear Elements

Project Berlin High rise building



For standard slabs

Advantages:

• Easy and fast to install from top and 

bottom.

• ETA approval

• Performance up to 20-30% in 

comparison to standard reinforcement.

• Well known on the market

• Calculation Software

Summary

HDB Studrails
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Advantages:

• Very high performance especially on small

columns.

• Calculation Software based on Eurocode 

and SIA

• Applied for DiBt approval in Germany

For standard slabs

Summary

DURA Steelhead
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For foundation / ground slabs

HDB-Z Punching Shear Elements

HDB-Z

Advantages:

• High punching shear restistance

• Patent and German approval available + ETA

• Reduced the foundation thickness up to 40%!

• Avoid concrete haunches at foundation

• Less concrete,- excavations, - water

• Saves time, energy and money in specific situations.

• Calculation Software available.



Aschwanden DURA Box: German DiBt approval available

 DURA Box is used to reinforce the ‘predetermined breaking areas’ in 
concrete slabs generated by the inclusion of large pipes and tubes

 The system avoids cracks going through the voids in the slab
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Grazie!


